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INTRODUCTION 


This circular is one of two pavers on the tungsten industry in the Unite: 
States and contains general information on the subject, The second vaser 
which will be issuec in the near future deals with the metnods and costs of 
mining and miiling tungsten ores, These two neners are abstracts from the 

general bulletin on tungsten which will be issued at some future time 


Modern civilization aid vrogress cerxend larrely on tools hel daa 
forces of nature are Drought uncer control and directed toward human confori, 
These tools are made cuierly from metals derived frown the eartn's crust. 
During; the present century vowerful tools have bee: made available through 
the develonment of ferrous and nonferrous alloys containing such elements as 
molybdenun, vanaciun,. titanium, tantalwa, and tungsten, which were little 
used before 1900, One of the most important of these so-called rare elezenis 
is tungsten; its use in alloys for high-soeed cutting tools is vartly 
resvonsible for the era-oi nass vroduction. So wicespread has the use of 
alloys become thnt the »neriod nay be termed an "Alloy Age" 


Tungsten is recowrizea -s an essential inzredient of the best high-speed 
cutting tools, The inajor part of the 4,200 tons of tungsten concentrate 
containins’ 60 percent tunjsten trioxide (103) » Consuned annually in the 
United States unaer rormal-conditions, is used in the manufacture of suca 
tools, 


b 


 EISTORY 


In 1747, Wallerius selected the name tenn-snat (heavy svar or heavy, 
mineral) for a. new mineral soecies from Bohemia believed to contain tin,+ 
In 1781, kX. W. Scheele, the celebrated Swedisn chemist, examined a specinen 
of Wellerius tenn-snat (Svedishn, tung—sten) and ¢emonstrated that the mineral 
contained a peculiar acid united to lime as a base. This acid he called 
tungstic acid. In the same year T, Bergman statea-that tunis acid was an 
oxide of a new element, tungsten, From 1785 to 1786 the d'Slhuyar brotners, 
Juan, Jose, and Fausto, Snanis: chemists, showed that the sane acid dis- 
covered by Scheele is contained in the mineral wolfranite, Tuey also succzecte! 
in orocucing met2llic tunzsten from the acia.£/ The term "wolframite™ wes 
avovlied to tuugsten minerals long before their nature was uncerstood, 


In 1801, a short note in Vicholson'ts journal states that Guyton had 
melted tungsten; but it was brittle and nrobsbly of use only in elloys, for 
pees. fixed colors, or for fixing vegetable colors - three of its »resent 
uses ,~ 
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a! Levy, . I., The Rare Earths: Edwaré Arnolé, London, 1915, vo, 3l. 

4/ noscoe, H, £., and Schorlemner, C. A., A Treatise on Ghemietia: Vol, 2 
1913, po, 1082-1082, 

5/ Thorne, Sir Edward, A Dictionary of Avolieé Chemistry: Vol. 5, 1913, 
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As early as 1sc5, &/ Jacobs and Koeller of Austria used tungsten esa 


constituent of alloy steel, They obtoined »vatents in France for its vrocuc~ 
tion, 


esuea to Oxlend Tain ea72l for the manufacture 
c acid, and wetallic turesten from wolfram-tin 
atent issued in 165? for the nroduction of 
steel, nickel, end oche> elements, 


Patents were i 
of sodium tungstate, Ss 
ores, Tuese vere followed 
certain allows with iron an 


Probably tne first useful alloy Seas containins tungsten was Musnet!s 
self-hardening tungsten tool steel, patented in 1463. This steel, now obso- 
lete, containcd about 6 nercent tungsten and 2 percent manganese, In regard 
to the use of tungsten for hardening stecl, the old Damascus steel, long 
celebrated for its retention of tompor, nes been found to contain both tung- 
sten and chromiun, 8/ altnoursn not intontionally adced, 


The real birthcate of the tungsten tool-steel industry was 1698, when 
2. W. taylor, in collaboration with Mounsel White, discovered a steel that 
could be used to cut at high meed, Taylor-White cteels manurrctured at the 
works of the Bethleuenm Steel Co. were exnibited at tue Paris Hmosition in 
L9CO and created a great sensotion among tnose intcrested in worcing metals, 
These tools could be ysel above a ehre nee that would ruin any carton 
steel. Waite stated:/ that a younz man in the Betnlenem shop in 1990 lignted 
a cigarette with a chip newly cut with Taylor-White steel, a statement al- 
rost unbelieveble at thet time, 


In 1902 Hadfield published the results of his studies of the properties 
of tungsten steels, These extensive investigations contributed larsely to 
the demand for tunssten tool steels, 


In addition to cutting at hizsher snvecds, tungsten-steel tools were 
rowid to be canabla of talting heavier cuts, whicn increased tae stresses on 
the machines, To take full advantage of the heavier as well as the more ravid 
cuts machines were redesiymed to provide the greater strengtn required, The 
resulting economies effected all over the world were enormous, and the new 
tunssten-steel tools were the dominent factor in the new era 22 mass procuc= 
tion of machinc-tool oroducts,. 


The extrenely hich melting voint cf tungsten susgested its use for 
electric-lamo filaments, but “ tne time of its introduction as a lamp fila- 
ment (1904) it was imovm only as a powdery, hard, brittle metal whicn it 
was impossible to render coherent and ductile. Numerous processes were in- 
vented and patented wherein the filaments were made with powdercd tungsten; 
these were used with more or less success until drawn tungsten wire for 
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6/ Gurlt, Adoloh, On a Romerkaole Denosit of Wolfram Ore in the United States: 
Grans,.An, Inst, Mins, Tass, Vole ce, Lossy De C566 

7/ Roscoe, H. BE, and Schorlemner, C. A., work cited, 

8 / Thorne, Sir Edwaré, work: cited. 

9/ Hibbard, fonry D., Manufacture and Uses of Alloy Steels: Bull, 100, 

Bureau of Mines, 1916, vo. 54, 


2488 ~3- 


Google 


incandescent lamp filaments was develoved by the General Electric Co, The 
ductile tunesten-lamo filoment was introduced in 1907, The greater efficicrz: 
of the tungsten electric lamp over the types of lamns formerly used resulted 
in the saving of millions of dollars annually, 


Witain the last few years a new tungsten compound has been develoved 
which bids fair to susersede the former high~sneed tool steels in cutting 
efficicncy, This new material is known as cemented tungsten carbides cobalt 
is used as the cementing agent. The material vas first developed ina Germany; 
Baumiauer and Schroter are given the major credit for its development, The 
pavents are held by Yried. Kruwo Axtiengesellschaft, Sssen, Germany; in this 
country licensees manufacture it under the trade names carboloy, firthite, 
sirthalloy, dimondite, Tungsten carbide is tue hardest artificial substance 
cnoWil, exceeding the sayphire and aynroaching the diamond in hardness. 
Properly made, tungsten-carbide tools will cut chilled castings, manganese 
steel, porcelain, mycalex (fiue mica in lead borate), ivory, quartz, and 
ctner substances not reedily cut with other tools, 


fez elements have shown greater development in so short a time as tung- 
sten, Before the present century tungsten was more of a scientific curiosity; 
than a metal of commercial importance, but with introduction of Taylor-White 
tool steel it was lifted out of the category of rare metals to a position 
here it aas become one of the key metals of our present economic structure, 


TUNGSTEN MINERALS 


Tungsten is never found in nature in the metallic state. It is an acic- 
forming element and therefore does not act as a true metal in its compounds, 
ze economic tungsten minerals are tungstates, in which the tungsten is com- 
Oinec with oxides of calcium, iron, and manganese, Although a numoer of 
sungstic acids have been prevared artificially salts of only one acid have 
been found in nature, namely, those of the normal tungstic acid (HoM04). 
Tungsten has been identified in a number of minerals as imourities, but oniy 
12 distinct species of minerals containing tungsten are known. In virtuall 
all of its minerals tungstcn is one of the cnief constituents, the two ex~ 
ceptions being nowellite and chillagite, 


Table 1 lists the known tungsten minerals and gives their thooretical 
comosition and the percentage of tungsten each mineral contains: 
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TABLE 1. - Tungsten minerals 


+ A ete ee —— a 


--ineral Comoosition Tungsten, vercert_/ 
Scneelite Calciua tungstate (Calfo,) 63.9 
Ferberite Iron tungstate (FeW0,) © 60,6 
~Qlframite Iron-manganese tungstate ((Fe,'in) WO) 60 .6-60,.7 
rtubnerite Manganese tungstate (MnW0a) 60.7 
rowellite Calciun-tungstomolybdate (Ca (Mow) C4) - 
Chillagite Lead tungstate-lead molybdate (3PbiO, .5PbhO 4) 17.2 
Stolzite Lead tungstate (PbwWO4) 40 4 
Fospite Lead tungstate (PbW0,) 40 .4 
Cusrotungstite Hydrous copper tungstate (Culf04.2H50) 52 9 
Tungstite Hydrous tungsten trioxide (W0O3.Hn0 73.6 
Tungstenite Tungsten sulphide (WSs) 74.6 
Serritungstite Hydrous iron-tungsten oxide (Fe90g.WO7 .6H50) 41,9 


Ge fy og Vu ee ge ee ee ee es e-em —e ee ow &- _—gheee ote eee es ee eee eee ee eee eee 


i/ sased on theoretical commosition, 


Stolzite and rasvite differ only in crystal form, the former being 
totragonal and the latter monoclinic, 


Reinite (FeWO,) as given by DanaO/ is a separate species, but it is now 
regarded as ferberite vseudomorpnhous after scheelite, 


Cunroscheelite, according to Dana, is a tungstate of copner and calcium 
(Sa,Cu)WO,; it may be scheelite partly altered to cuprotumgstite in which the 
calcium has not been wholly revlaccd by copper, 


Meymacite, named by Carnot, is »nrobably the same as tungstite, 


Tne teria "megabasite"™ has been used in early reference on tungsten as a 
synonym of hubnerite, 


Of the above list only the first four minerals — scheelite, ferberite, 
volframite, and hubnerite - are found in large enough quantities to be eco- 
nomically important as ores of tungsten, The others are to be considered 
<. the light of interesting mineralogical occurrences, Besides these Dana's 
oystem of Mineralogy mentions that small amounts of tungsten are contained in 
the tantalum-columbium minerals, but the information concerning them is so 
1.complete that their existence as definite mineral species can not be con- 
siaered autnentic. 


~— a eee 


10/ Dana, J. D., and Dana, B. S., A System of Mineralogy: New York, 6th ed., 
POs: ig 991, : 
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CHARACTERISTICS OF ECOUNCMIC TUNGSTEI MINERALS 


The nhysical and chemical proverties of the four vrincival tungsten 
minerals are given in tabie #, 


CABLE 2, - Paysicel and chemical pronerties of 
economic tun tsten minerals 


a ge ee ee 


ome 


et ee ee ee ee ee ee ee ee ee eC. —_ = 


Lin eras Ferberite wolframite bnerite scheelite 

composition (pure) Fen, (fe, Mn) 70, ninWOa Catv, 

Per cent Wg and W 76.3%; 69.6 (G60) Leo 16.6" 69.7 80,6: C562 
rvstallizaticn ike ya tau ow autegtslrorr Monoclinic. Monoclinic. Tetragonal. 
eee Perfect ir: Perfect in Perfect in Good in 4 ci- 

1 direction, 1 direction, 1 directioz, rections. 
Sjecilie ¢ravit; «77>. * 7 1-7 .5 (Pras 5.46.1 
Color Black Dark gray to Reddish brown Pale yellon, 
black. to black, brown, como: 
ly white. 

Tenacity Very brittle. Very brittle. Very brittle. Very brittle. 

Luster Submetallic Supmetallic Submetallic Vitreous to 
to metailic. to metallic, to adaman- resinous, 

tine e 

*racture Uneven, Uneven, Uneven, uneven. 

haraness S; Sto me" 5 4nd 

Maconetism Sometimes Slightly ma- - Nonmagnetic. 
feebdly netic. 
magnetic. — 

otreal: Dark brown to Dark brown to Brownish red White 
nearly black, black, to greenish 

. yellow, 

Diaonaneity Oveque to Onaque. Opaque to Transparent t: 
vea:cly trans- translucent, translucent, 
lucent in 
cleavage 
plates. 

Common form of Well-defined Irregular Rediating Massive and 

occurrence crystals, MASSES. grouos of small grains, 
massive cryoto-  thin-bladed 
crystalline, | crystals. 

Tre tnree ninerals ferverite, wolframite, and hubnerite form a CONcgites 


series of iron-mansanes se tuigstates, of which ferberite is the member at tu2 
lrou exd and hubnerite ig tue member at the manganese end, The iron and 
manganese contents of the wolframite series are so variable that the minerals 
caimict be distinguisiec witnout chemical analyses. it!0 specimen of ferbderiite 
free frou manganese or iwibnerite free from iron has been found in nature, 
Since tne wolframites form « cormlete series with an indefinite number of 
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members any classification of the minerals into ferberite, wolframite, and 
subnerite must necessarily ve arbitrary, The following definitions vroposed 
cy Hessil/ are generally accented: 


Herberite, A monoclinic iron tungstate having when pure the composition 
ee It may contain not more than £9 pnercent of the hubnerite molecule 
AnWOA. 


Wolframite, A monoclinic mineral conteining the ferberite molecule 
(FeWO;) and the hubnerite molecule (MxW04) in all proportions between 20 pcer- 
ceut FewWO4 2 and 80 percent MnWO, and 80 nercent FeWO, and 20 percent MnW0q. 

" 
Hubnerite. A moloclinic manganese tungstate having when pure the com- 
position MaWC,. It may contain not more than 20 nercent of the ferberite 
molecule FeWO,. 


ine wolframites are metallic in aonearance, while scheelite looks like 


The economic tungsten minerals are characterized by high spvecific grav- 
Lt, -,te/ rangin:; from 5,4 (scheelite) to 7.5 (wolframite), (See table 2.) 
tne tungsten minerals are 2 to nearly 3 times as heavy as quartz, which has 
-. Specific gravity af 2.6, This pronerty of the tungsten minerals is 
vtilized in making a ‘separation between quartz, calcite, and other minerals 
of lower specific gravity when ores are concentrated by gravity methods, 


Because of their similarity in chemical commosition and the fact that 
che atomic weights af iron and manganese are almost the same (Fe, 55,84; 
Mn, 54,92), the wolframites contain aliuost the same percentages of tungsten | 
trioxide, 


Each of the wolframite seriss of minerals has a perfect plane of varting 
(cleavage) in one directisn. Scheelite has eight planes of parting, four of 
wnich are vronounced and four which are not pronounced, 


The principal tungsten minerals have a hardness of about 5, as measured 
on the Mohs scale of hardness;13/ thoy are easily scratched with the blade 
of a good pocket Imife, which has a hardness of about 5 1/2, 


The streak of a mineral (the color of its fine powder) usually is ob- 
t:ined by rubbing the minerel on a piece of unglazed porcelain and brusning 
off the excess, or it may be obtained less satisfactorily by nulverizing a 
1l/ Hess, Frank L,, and Schaller, Waldemar T,, Colorado Ferberite and the 

Yolframite Series: U. S&S. Geol, Survey Bull, 583, 1914, vp. 37-38. 

12/ The soecific gravity of a substance is its weight comarod with that of 
an equal bulk of water at the temerature of greatest density (49°C, or 
39,29 F.). 

13/ Mohs! scale of hardness, which is used for minerals, is: 1, Talc; ~ 
2, Eyosum; 3, calcite; 4, fluorite; 5, anatite; 6, feldspar; 7, quartz; 
8, topaz; 9, saophire; 10, diamond, 
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*ragment of the mineral or by scratching the mineral with a knife or file. 
»1¢ streak of the wolfranites ranges from Dlack in wolframite through bro™m 
to brownish red in hubnerite, The streak of scheclite is white, 


OCCURRENCE 


Tungsten is rated as the Mite element in the order of abun- 
cance in the earth's crust; it is less abundant than tin or silver, the 
tuirty-third and thirty-seventh elements, resnectively, but is more abundant 
than gold, the forty-first element, Tungsten is distributed very unequelly 
over the earth as a whole; it is Cistributcd more widely than tin, with wnicn 
-t is commonly associated, but less widely than gold, The chief tungsten- 
producing districts of the world follow the volcanic chain which skirts the 
Pacific Ocean, Altnough the deposits are not alvays near the shore they are 
somewhere in the mountain ranges that parallel it. From 1S05 until 1950, 
3.4 percent of the total world production of tungsten concentrates came from 
ccuntries bordering the shores of the Pacific. Cf this percentage the west 
ecasts of North and South America produced 25,2 percent and the east coast of 
aSia and Oceania (Australia and New Zealand) 63.2 percent, The only large 
>roducing area not close to the Pacific is that of the Iberian Peninsula, in- 
cluding Portugal and part of Spain, Of the 11.6 percent of the world produc- 
vlon of tungsten concentrates from countries not bordering the Pacific, the 
tberian district produced 7.3 percent, 


Tungsten deposits are represented in almost every tyne cf ore deposit; 
these include placers, veins, contact-metamorphic devosits, replacement de- 
»csits, pagmatites, and segregation deposits. Viewed in the light of past 
~roduction placers have been the most impoortant source of tungsten minerals, 


Tungsten deposits, like tin and molybdenum deposits, are virtually always 
aSsoclated with siliceous igneous rocks, especially granites or acid pesgma- 
v.tes3; in this respect they differ from any other minerals, The converse of 
7Ais statement is not true, however, as large areas of granitic rocks all over 
we world are not associated with tungsten deposits, Most of the tungsten de- 
tesits in place lie wholly within or at the margins of the acid igneous rocxs; 
some, however, lie within sedimentary recks, such as slates and shales, or 
metamorphic rocks, such as schists, Where the tungsten deposits lie within 
vne latter rocks and siliceous rocks are not in evidence in the immediate 
vicinity the underlying granitic rock is not far distant. 


PRODUCTION AND CONSUMPTION’ 


The United States is one of tne largest. consumers of tungsten, Although 
-t also ranks as one of the largest producers it has nad to supplement domes- 
sic suonly by imoortation, principally from China, Before 1900 tungsten ores 
vere derived chiefly from mines in England, Austria, Hungary, Germany, and 
australia, The United States became a factor in tungsten production about 
=900% 
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MILE 3. - Yorid preductica of tungsten ore, 1905-32 
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wile 
Japan coroe 
Chosen (Korea) ceccecece 
Sob yclc mary are ere ar eee ee eee 
Tonkin (Indo-China) .... 
Burma and Shan States ,, 
Sian Pe ee ee 2 
Unfederated Maley States 
Becerated Malay States,, 
xetherland East Indies,. 
India (excluding Burma), 

Oceanias = 
bustraliaa! Tiree r re 
AeW LCALONnG. % o.eisees eee 

South Americas 
Areoutina erceorgese te te 
Bolivia eseeeogoagad82 80020808868 
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Peru CeCe oe eT oerneereareee 
~orth dAnericas 
OANAGS. 666 44nGeeeeracicas 
Mexico Coeoeuesereeersesesen 
United states ee tecevres 
Suropes 
SWEGCN, sis wsee saeeee~ tale 
Sngland Ceoeereseevcevete 
BGAN CE 135 cengie-era teas. eeeel alee 
Portugal CCE ORD CEE ESE O>s 
Spain COeeeeeesabesertese 
taly ica ere eiavava ele @ Siw eae aie 
Austria SCaneareeeonsngn see 
Gormany Coser eoreerreoacge 
Cuecnoslavakia ...cceves 
RUSSIA scecccevsececoves 
Africas: 
Southern Rhodesia ...ec.6 
Union of South Africa .. 
nigeria eeCeoeesrernnerres 
All other Countries ...ee, 


2/ Data not available, 
=/ Includes Tasmania, 


«/ Bthionia reparts an exnerimental production 


5,044 
2,057 
40,6565 
2,465 
32,792 
3.441 
4,557 
4,659 
598 


1&6 


18,873 
2,711 


8, 657 
17,793 
2,673 


116 
1,068 
31,279 


1928; WOz content not stated, 
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1905-25 


19, 49 
2 5 
7,989 5,666 
62 213 
14634.1,077 
10 8 
en4 170 
99 22 

9 22 

99 179 

15 15 

11 10 
109-79 
1,254 1,056 
20 12 
26 8622 
3538 174 
123-164 
86 78 
22.—«S2 

- 33 


SOs 


ei 


12s6 1927 1928 


(4) 


in metric. 


I.C. 


— 


1930 1931 
81 (2) 

13» «(2 
9,454 7,492 
220 36 2448 
2,699 2,474 
? 12 
178 = 241 
1,054 462 
15 1 
224 - 
21 6 
98 2 
888 410 
28 (2) 
627 1,274 
153-121 
499 274 
254 185 
74 17 
(2) (2 
38 24 

= 2 
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1/ Data from the U. S, Gsoloical Survey and U. S. Bureau of Mines. 


of 100 tons of tungsten ore 
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from 1905 to 1921 the total world production has been about 279,420 
metric tons of concentrates conteinint the ecuivalent of 606 yercent WO Sue 
of tris production China vroduced avproximately G2 nercent, Byrma and Suan 
states 14,6 nercent, Uiited States 13.5 »ercent, Bolivia and Austrelia eaca 
7 percent, and Portugal 6 a ut, Tablo 3 shows tne world procducticn of 
tungsten from 1905 to 1°24 


figure shows tne world wreduction, United States production and annare:: 
consiinticn of tungsten from 1995 to 1932, In the figure figures on consum- 
tion and orcduction are reduces te eqaivulent short tons of concentrates con 
taining 69 percent riers 


née international balance sheet of tungsten covering data from 1225 +o 
1926 is estinated to be arnoroximatcly as shown in table ab 
ABLE 4, - International balence sheet of tungsten 
soundly ; Demand 
lietric Percent re Metric Percent 
tons of Cote - tons of total 
China eeeee2et%eest*¢ ee @#¢0¢80@88@ @ @ e 80 20 68 4H United Stetes. ds 900 ee pe! 
Burma @eeeeeaeseoeeseseeeweoeeee i, 510 lar Germany @eeegee 3,00 SO~60 
United Dusues. 644.6% e060 9&0 Teo United Kinzdom 1,700 13.4 
Bolivia @®eteeeoveeeeteoeeunvnven2ee @ 4770 cow France oes 64006 e@ 3,000 23.7 
Unfederated Malay States L170 Leo JODBI covecces ACO 1,6 
PGPUUCANM. Sivaeese shew eles 230 Es tee oeees 
PRES USI: ~6 9s Sb 4 he ee ate 200 a) 
Tomecin eeeoeeeseevnentsanereorte LOO Leo Total eeeesvees 13,650 LOO. 
spain eateoovrerterstetocoves 1G Bae 
toederated Malay States.. 260 Del 
All otners eeeoeeeces¢e#2et? 80 @ 360 3 et) 


2,650 100.0 
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15/ Data fan annual Miners] Resources of ae Uaited States Gevlozical Survey 
1906-23) and the, United Stnrates Bureau of Mines (1924-31) and from tae 
Minerals Yearboo': of the Bureau of Mines (1932). 

16/ ess, gvrauic ie, Tungsten: Mineral Resources cf United Stetes » Burea sv ord 
Mines, -LUZOy part Lf, 19ae5.: sis 179-207 < 
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TUNGSTEN DEPOSITS IN THE UNITED STATES 


The known tungsten deposits in the United States lie mainly in the area 
Yetween the Rocky and Sicrra Nevada Mountains, Tiirteen States have at some 
time in the past produced tungsten concentrates; in the approximate order of 
their imvortance as producers they are; Colorado, California, Nevada, Arizona, 
South Dakota, Washington, Montana, New Mexico, Utah, Idaho, Connecticut, 
Missouri, and Oregon, Tne bulk of tne production has been derived larzely 
trom the first three States, In addition to the above States tungsten miner- 
2is nave been reported from several others, but these occurrences are of 
mineralogical rather than actual or notential economic immortance, 


Arizona,- Virtually all of the tungsten devosits of Arizona are vein ce- 
wosits, several of which are associated with placers. Fifteen widely scat-— 
zered cevosits occur in various parts of the Statc; most of these have been 
wor.iced at some time during the past 15 years, but production fron the indi- 
vidual deposits has been small and rather sporadic, In recent years the 
7wo most important properties in the State have been the Boriana Mines Co., 
which operates a consolidation of properties about 16 miles northeast of Yucer, 
and the Tungsten Alloys Corporation, which owns 3 property in the las Guigas 
Mountains 65 miles south of Tucson, 


California,~- The most impertant deposits in California are in Sar 
Sormardino, Inyo, and Kern Counties, Five other counties in the State contain 
TVaugsten devosits, The chief procucing area has been the Atolia district, 
with an output of tungsten concentrates valued at $12,000,000. In this dis- 
trict the ore mineral is scheelite, which occurs in veins and placers, Im- 
vortant contact-metamorphic deposits were developed near Bishop and at Pine 
Sreek, Inyo County, Several properties built large mills between 1916 and 19'3, 
out as the demand and price of tungsten concentrates dronped considerably at 
tne close of the war the vlants were forced to close down, The ores of the 
Bishop and Pine Creex districts are of low grade, Other districts in the 
State have nroduced small anounts of tungsten concentrates; but because of 
adverse conditions, such as lack cf cneap trensportation, long distance from 
power, and scarcity of water and timber in the.immediate vicinity of the de- 
posits, many have not been prospected or developed tnoroughly. 


Colorado.- Tne production of tungsten concentrates in Colorado has been 
cerived almost entirely from the ferberite vein and placer denosits of the 
Soulder field, wnich is about 12 miles long and several miles wide, This 
field contains the largest deposits of ferberite in the world; these were 
vorked intensively during the war period. At that time there were 21 con- 
centrators in tho district, In recent years the Wolf Tongue Mining Co, has 
teen the largest and most consistent vroducer in the district, 


The tungsten devosits in other parts of the State have not been important 
producers, 


Connecticut.- A small devosit of scheelite and wolframite ore has been 
worked at Long Hill 8 miles south of Trumbull, Conn, The mill at this provert;, 
twarmned in 1°16, and no production has been made since, 
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fuano.- Tungsten deposits have been found in siz widely scattered dis- 
tricts in Idaho, The devosits that nave been worlzed are in Shosuone County, 
adjoining tne gold camn of Murray, and in the Potterson Creek district, Lenni 
County. In the Murray district tne Golden Chest and Golden Winnie Mines have 
produced small amounts of scheelite, which occurs with gold, In the Patterscn 
or Blue Wing district the Ima Mine has produced a small amount of hubnerite, 
which is associated with tetranedrite and cooper. In recent years the ovrodiuc- 
tion from the tungsten »ropertics in the State has been negligible, 


Missouri.- Tne Ola Einstein mine in the granitic area of Madison County 
i2 miles west of Fredericktown has produced saall quantities cf niibnerite. 
Tuis proverty was first opened in 18/77 for argentiferous galena with wnicn 
the hubnerite is associated. 


Wontena,- The Jardine Mining Co, at Jarcine, Mont., has made intermittent 
sulpments of scheelite concentrates within the last few years, Here the 
scneelite is associated with gold and arsenopyrite in quartz veins, Both the 
gold and arsenopyrite are more imvortant economically than the scheelite, 
several otner deposits of tungsten ores occur within the State but thus far 
have been only small producers, 


| Nevaca.- Most of the tungsten concentrates produced in the United States 
with the last 5 years nave veen derived from the contact-metamornnic deposits 
in tne Eugene Mountains 7 miles nortnwest of Mill City, Persning County, Nev, 
these deposits are owned by the Nevada Massachusetts Co., Inc, The Silver 
Dyxe mine in the Silver Star district, Mineral County, has also been a major 
oroducer of scheelite concentrates; it is also owned by the Nevada Massacna- 
setts Cos, Inc. A new mill was erected on this property in 1950. Anotuer 
potential producer of scheelite in Nevada is the Tungsten Production Co, in 
tne Nightingale district, Pershing County. A concentrator was built on tnis 
oroverty in 1950 to treat the scnscelite ore, which occurs in contact— 
metamorynic cepcsits. 


In the past a cousicerable vroduction of tunzsten concentrates has Geen 
made from tne vein and olacer deposits in the Snake Pange in the eastern part 
of the State. Since the World War, howover, Suake Runge deposits nave been 
inactive, 


The tungsten vein deposits scattered througnout tne State nave been worxe: 
intermittently on a small scale, Probavly not more than 25 percent of the 
contact-metamornhic deposits have been prospected or developed to any extent 
because of scarcity of water and timber in the vicinity of the properties, long 
Qistance from hydroelectric power lines, and recent Giscovery,. Virtually all 
tae cortact-metamorphic tungsten deposits of Nevada and California were dis- 
covered between 1916 and 1913, These deposits constitute the largest reserve 
of tungsten ores in the United States, 


ilew Mexico.- Tungsten ores have been found in four districts of the State. 
The small quantities of tungsten concentrates produced were mainly byproducts 


from the mining of gold, silver, and copner ores, 
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regon.- During the World War a small quantity of concentrates was pro- 
cuced from the gold-scheelite veins in the Cliff mine, Virtue district. There 
is no record of any production of tungsten from Oregon in recent years, 


South Dakota.- South Dakota has vroduced tungsten concentrates valued at 
1,300,000, largely from the replacement denosits in the Lead~Deadwood area. 
2ne principal mines in this area have been the Wasp No. 2 and the Homestake, 
Production from this State since 1928 has been negligible, The pegmatites of 
tue Harney Peak and Tinton districts have yielded small quantities of tungsten 
concentrates, 


Utah,- Two deposits of tungsten ores of economic importance occur in Utah, 
one in the Grouse Creek Mountains and the other in the Clifton district, 
Tooele County, Neither has been a large producer, 


Washineston,—- Seven tungsten deposits occur in Washington, four of which 
are in Stevens County. The most important tungsten proverty in the State has 
been the old Germania mine, now owned by the Tungsten Producers, Inc,., in the 
~ser Trail district; the economic tungsten minerals are wolframite and schee- 
lite, wnich occur in quartz veins. A new mill was erected on this vronerty in 
1931, The Tungsten Mines, Inc,., and the Northwest Tungsten Co., Ince, have 
boon developing their proverties within the last 3 years. 


TECHNOLOGY OF TUNGSTEN ORES 


The mining of tungsten ores in the United States involves no factors 
vilch are not inherent in mining similar types of ore deposits of the other 
metals, In mining narrow deposits of tungsten ores where the enclosing rocks 
are structurally strong, the onen-stope or shrinkage-stope methods of mining 
are employed; where the wall rocks are weak the cut-and-fill system is used, 

In mining disseminated ores where the devosits occur in large, irregular 
saasses, the glory-hole system of mining has been employed, as at the Pine Cree: 
and round Valley mines near Bishon, Inyo County, Calif, 


Placer tungsten devosits in the United States generally are worked on a 
small scale by hand methods; the one exception is the placer deposit at Atolia, 
san Bernardino County, California, which has been worked by power shovel, 


At present the concentration of tungsten ores in the United States depends 
brsically on wet gravity methods, although recent research work by the Bureau 
of Mines£7/ has demonstrated that some tunzsten ores are amenable to the flo- 
tation procesS, 


In deposits where the tungsten mineral occurs in coarse form the ore is 
crushed and then concentrated by jigs followed by further crushing and the uso 
of tables for recovering the finer particles, When the tungsten mineral occurs 
in fine particles, stage-crushing by rolls is followed by classification before 


ee ee nn ee ee 


17/ Cognill, Will H. and Clemmer, J. Bruce, Soap Flotation of the Yonsulpaices: 
Am, Inst. Min. and Met. Eng., Techn, Pub, 445, 1932, op. 13-16, 
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table treatment, If pyrite, garnet, epidete, or chalcopyrite is present in 
_the bulk table concentrate magnetic sopare.tors are used to remove tnese 
minerals to prodtce a clearer product. 


In concentrating tungsten ores by gravity methods the main object is to 
remove tne tungsten minere in as coarse a forn as possible to avoid excess 
less of the mineral in tre slimcs, The economic tungsten minerals are bri 
and slime readily, therefore rolls generally are emoloyed for secondary cru 
ir.3 in stages, in »referenuce to uae or ball. EAE: 
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In the mamufacture of tungsten steel the concentretes iaay be introduced 
directly into the stecl bath; because of the greater ourity of the concen- 
trates this eo ee is increasing in use, As the calcium in scneclite slags 
more readily t:un manvanece in wolframito, scheelite is the more. suitable 
tungsten miner ws for this Durpose. | 


. Tungsten is also introduced into faci. in the och of ferrotungsten; sie) 
addition, tungsten novder has been employed. in stcel making, but its use in 
tne Unitec States has almost ceascd, 


Production cf Ferrotungsten 


Ferzctungsten is produced directly from clean concentrates containing at 
lease 60 percent tungsten trioxide, fron tungsten trioxide, or from tungsten 
powder, In general three methocs are emmloyved in the manufacture of ferro- 
tuncsten: — - 3 


1. Electric furnace reduction with or without carbon, 
2. Aluminothermic reduction, © 
2. Crucible reduction with carbon, 

The first metnod is perhavs that used most generally in the United States, 
Economical production of high-grade ferrotungsten from schcelite, wolframite, 
and ferberite involves many problems; copner, arsenic, tin, lead, antinony, 
bismuth, manganese, and sulphur are ;-eoublceone: furthermore, specifications 
for carbon and silicon in tue ferrotungsten must be observed, 18) Prevaraticn 
of reasonably pure tungsten oxide by wet. methods and the electric-furnace re- 
Guction of this oxide are steps through which a very hish-grade »vroduct may be 
obtained, but such procedure can hardly be classed as economical at the presen 
time in this country, 

The electric-furnace metaod for the production of ferrotungsten at Bouwlér:, 
Colo,., has been Gescribed Dy Keeney ,29/ By this.metnod ferberite or ot.er 
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18/ Becket, Frederick M,, The Develonnent or: Ferro-Alloys of Tungsten and 
Vanadiwas Chem, and Met, Zng., vol, 30, 1974, n,°3591, 

19/ Keeney, R. liey The Manufacture of Ferro-Alloys in Colorado: Eng, and Min, 
JouLey VOL, 106, 1918, p, 405, 
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tungsten concentrate is reduced with carton in the form of coke; lime and 


luorspar also are added, The crude metal obtained is subsequently refined 
and decarburized, | 


Before the electric furnace was introduced in industry (about 1900) 
ferrotungsten was produced mainly by reducing concentrates or tungstic acid 
with carbon in crucibles, By this process a charge of concentrates, flux, 
steel or scrap iron, and coxe or charcoal was »laced in a clay-lined crucible 
and heated in a gas-fired furnace, 


Ferrotungsten can also be made by reducing tungsten concentrates or 
tungstic oxide with aluminum in the electric furnace, The oxygen contained 
in the metals present furnish the oxygen for burning the aluminum, The 
charge is mixed in a magnesia crucible and ignited by a fuse of sodium or 
barium peroxide and aluminum powder, The ferrotungsten produced is almost 
tree from carbon but may contain aluminum unless there is a slight excess of 


ore or tungsten oxide, It will also contain any other reducible metals 
~mresent in the ore, 


a = ge em see 


Several methods ein dee decommosition of tungsten concentrates into 
tungstic acid have been suggested or patented; in a general way they may be 
srowed as follows: 


1, Fusion with alicaline carbonates, 

2 Digestion with caustic alkalies. 

Se Digestion with acids, 

4, Fusion with sodium sulphate and coke or similar mixtures, 


The first two methods are the most important commercially in the United 
States, 


Pure tungsten cannot be produced by direct smelting from its ores or 
concentrates, as can the more common metals, Metallic tungsten is produced 
by a two-stage process involving chemical preparation of tungsten trioxide 
and subsequent reduction in furnaces, A fairly pure tungsten metal in powdered 
formresults, The high melting point of tungsten, more than any other factor, 
has forcea the industry to use these unique methods, 


The fusion maenod of making tungsten a a used by the Fansteel 
Products Co., has been described by Jones, 


The wolframite concentrates are first nulverized and then mixed with 
NaoCOz, using 15 percent more of the latter than the weight of the WOg present, 
This mixture is ground to minus 100-mesh; and a 300—pound char;;e is fed into 
a nand-rabbled gas-fired reverberatory furnace, where it is sintered at 800° C, 
for 2 hours, After sintering the charge is crushed to pea size, and the 
sodium tungstate is dissolved in water in wooden tanks equipped with wooden 


20/ Jones, Chester H., Manufacture of Pure Tungsten Metal: Chem, and Met, Inge, 
vol. 22, 1920, pp. 9-16. 
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stirring peadcles, The solution is then filtered, washed and heated to the 
yoiling »,oint in a wooden or stonevare tank by a steam jet, and an excess ci 
cable solution is acdec, The char;;e is transferred to a stoneware vessel, 
and avout 20 gallons of HCl are added to the heated solution, The siwernate: 
liquor is decanted, treated with lime, and reused in the reaction with socix 
tungstate, The precivitate is comiercial tungstic acid containing 99.53 ner- 
cent HoWO4. This acid is transferred to enamel-steel tanks and vurified fr- 
vher by adding about 5 gallons of IHy°H and enough distilled water to give « 
?-percent solution of ammoniuwn varatuigstate, It is heated with steam and 
riltered through a soecial wooden »ress with a naper-filtering medium and 
glass migots, The paratunzstate solution is evaporated to a small bull: in 
enameled icettles, end the ammonium fumes are condensed for reuse, The solt- 
vion is then filtered on stoneware suction filters and the white ammonium 
varatu.;siate washed with distilled water, The paratungstate is next treatei 
with a 49-percent solution of C.P, nitric acid in steam-jacketed enamel-—lizé 
xettles, where it is converted into HoWO4g. After the tungstic acid is fil- 
tered ana washed it is purified further by the same steps used in treating 
the commercial HoW04. 


The sehen gi dont tungstic acid is heated in silica crucibles in a ge: 
fired oven at 1,000° C.; the product averages 99,94 to 99.96 percent WOre 


The method whereby the ooo ee are digested with caustic alkalies 
1s described by Gero and Iredell es 


Chinese wolframite concentratc is crushed so tnat 100 percent will dass 
through a 100-mesh sieve and 80 percent througn a 200-mesh sieve, The vulve-- 
ized ore is digested at boiling temoerature with strong caustic-soda solutic: 
until decomposition is complate, The resulting sodium tungstate is decantec 
off and the insoluble residue washed with water, The strong sodium tungstaie 
solution and the wash waters are combined, 


Calcium cnloride solution is added to the sodium tungstate solution, 
forming a white precinitate of calcium tungstate. Tnis precipitate is allow: 
to settle and washed by decantation until free of soluble salts. The calcix 
tungstate, is run into an excess of boiling HCl and digested at a temperature 
near the boiling point, 


The tungstic acid formed is allowed to settle and then washcd free of 
soluble impurities. The tungstic acid slurry is dissolved in an excess cf 22 
nium hydroxide, forming ammonium tungstate solution, This solution is neutral 
ized with oure HCl, whereby fine white needles of ammonium paratungstate are 
precivitated; these are allowed to settle and are washed thoroughly by cecan‘s 
tion. 


The dried ammonium paratungstate crystals are ignited to volatilize the 
a) 


ammonia and water, leaving oure tungstic oxide containing 99.952 to 99,290 
percent WO, 
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21/ Gero, W. Be, anc Iredell, C. ¥., Making Pure Tungstic Oxide Involves lb 
Unusual Plant Problems: Chem, and Met, Eng., vol. 35, 1925, pp, 412 0, 


438 se Gs es 


Google 


T.C, 6821 


Acid-leacning methods are used in producing tungsten oxide from tungsten 
concentrates; such metnods are narticularly apnliceble to scheelite, as it 
is decormosed more readily by heating witn concentrated HCl or Hl0., giving 
calcium chloride or nitrate and tungstic acid, The filtered crude tungsten 
oxide is extracted with anmonium and ammonium cerbonate solution, forming 
emnonium tungstate <2 


The anmonium tungstate is crystallized out; on ignition these crystals 
are decomposed, giving tungstic oxide and ammonia, which may be recovered 
for further use, 


‘Tungsten ores containing tin have been fysed with potassium sulphate in 
a muffle furnace to produce tungsten idea) he bes the sulnhate is fused 
the ore is thrown in the furnace and the mass stirred continually while the 
temperature is increased until the entire mass is fluid enovgn to run out 

of the furnace. The solidified, fused mass is ground and treated with water, 
wnich dissolves the soluble sulphates and phosphoric acid and leaves insol- 
uble votassium acid tungstate as a wnite precipitate. The insoludle residue 
is dried and treated with a warm solution of ammonium carbonate or cold 
anmonia water through wnich carbon dioxide is passed. The potassium acid 
tungstate dissolves and leaves the silica, cassiterite, and insoluble sul- 
pnates, The solution is evaporated to crystallization, which gives ammonium 
tuigstate from which tungstic oxide is made by heating, 


roduc 


ion of Tungsten Powder 
Tungsten powder is obtained from the trioxide by several methods the most 
important of which ares 


1% EHlectric~furnace reduction with hydrogen, 
2e Crucible reduction by carbon, 


In the first method, purified tungsten trioxide is placed in small niccel 
boats, which are inserted in electric tube furnaces and heated in a current 
of hydrogen at 1,200° C, The tungsten forms as a gray powder. The excess 
hydrogen is recovered for reuse by removing the water from the exit gases .-4/ 


In early metallurgical practice in the United States most of the tungstcn 
vowder was produced by reducing the trioxide in crucible furnaces with car- 
bonaceous agents of various kinds. The tungsten powder produced in this way 
is less pure than that obtained by hydrogen reduction, 


Other methods of reducing tungsten trioxide to powder have been patented 
cr tried, such as reduction by carbon in the electric furnace and reduction 
by aluminum, zinc, or magnesium. 
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22/ Liddell, Donald M., Handbook of Chemical Engineering: McGraw Hill Book 


Co., New York, 1922, p. 896. : 
23/ Gin, G,, Memoir on tne Methods of Treatment of Simple and Complex Ores 


of Tungsten: Trans, Electrochem, Soc., vol, 13, 1908, pp, 481-541, 
24/ Jones, Chester H,, Manufacture of Pure Tungsten Metal: Chem, and Met, 
BNSey VOL. 22, 1920, po. I-16. 
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Preparation of Ductile Tungsten 


Before 1907 tungsten was kuowi as a hard, brittle metal which could noi 
be worked by mechanical means, The search for a metnod of producing tungsie: 
in ductile form so that it could be drawn into fine wire fox clectric-lam 
filaments disclosed tnat it lost its crystalline character by heating and 
working, For tnis purvose a very pure tungsten powder is required. 


In the process of prevaring ductile tungsten as described by Jones ,2=/ 
the gray tungsten powder obtained by the reduction of the oxide-with hyédroz:: 
is placed under a hydraulic press and formed into bars averaging about 1 inc 
square and 8 inches long, These vars are placed between contacts and sinter-: 
by an electric current of 2,750 amperes and 220 volts single phase, 


the sintered bars are then heated in an atmosphere of hydrogen in 
snecially designed electric furnaces, Each furnace is a refractory alundu: 
tube surrowided by a jacket which forms an annular snace about the tube. 
woe hydrogen introduced into this space permeates the wails of the alundum 
tube and enters the center of the tube where the metal bar is placed, The 
hydrogen then passes out through the opening through which the bar has been 
olaced and burns in contact with air, 


One end of the heated bar is drawn throvgh a swaging machine, The tar 
is then reversed in ti.e furnace and heated and the draving operation is re- 
sented, Tnis cycle is cyuntinued until the bar is recuced to the required 
Size, citner as bar or haavy wire, For the finer wires used in electric 
Jains the tungsten is heated repeatedly, swaged, and drawn throuzh diamond 
Gies, 


In the manufacture ef sneet tungsten a swaged bar about 3/8 by 3/4 inch 
in section is heated in an electric furnace and rolled; the heating and 
rolling are contis.ved until the bar is brought to a thick strin. As the stri: 
becomes thinner care must be exercised during the heat to prevent excess hesi 
from resintering the metcl. By continued heating and rolling the bar is re-~ 
duced to the required thiekness, | 


Preparation of Cemented Tungsten Carbide 


— a = a 


In the prenaration of cemented tunzsten carbide extremely fine tungsten 
vowder of high purity is required, The tungsten powder is first carburized 
to produce tunssten carbide, by passing through a furnace containing carbton- 
aceous gas or by hecting under hydrogen intimately mixed with vure and finely 
divided carbon,26é/ 


The tungsten carbide is then milled in a stainless steel ball mill with 
~owdered cobalt, whicn coats each particle of tungsten carbice with a thin 
pellicle of that metal, Cobalt acts as the cementing material, After 
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25/ Jones, Chester Il, work cited, pp, 13d-14, 
25/ Comstock, Gregory, Tungsten Carbide ~ The First Product of a New Metal- 
lurgy: Iron Age, vol. 126, 1930, pp. 1331-13835, 
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milling, the metals are compacted in a steel die under hydraulic pressure to 
form billets of the desired shane, These billets are heated in hydrogen at 
m temerature that permits enough conesion to prevent breaizing while the 
imaterial is being shaped with a steel tool to the desired form, Final sin~ 
tering is done in an atmosphere of hydrogen at brilliant white heat. During 
tnis last step, cementation tales place; the final product consists of 
carticles of tungsten carbide cemented together with cobalt containing some 
tungsten and carbon, Excent for final grinding and perhaps lanping, where a 
fine finish and sharm edges are desired, the product is now ready for use, 


DOMESTIC TARIFF HISTORY 


Before the Tariff Act of 199°, crude tungsten ores and metallic tungsten 
were exempt from duty under the Tariff Act of 18°97. The 1909 act provided the 
following duties on tungsten: . 


Tunssten or wolfram metal, valucd at $200 per ton or less, 25 per 
centuam ad valorem; valued at more than $200 per ton, 20 per centum ad 
valorem, (Par, 184.) 

Tungsten-bearing ores of all kinds, 10 ver centum ad valorem, 
(Par, 190.) 


Under the Tariff Act of 1913: 


Ferrotungsten***tungsten or wolfram metal***and other alloys used 
in tne manufacture of steel, not snecifically provided for, 15 per 
centum ad valorem, (Par. 102.) 

Tungsten~bearing ores of all kinds, free, (Par, 633.) 


The Tariff Act of 1922 provided that: 


Tungsten ores or concentrates, 45 cents ver pound on the metallic 
tungsten contained therein***ferrotungsten, metallic tungsten, tungsten 
powder, tunstic acid, and all other compounds of tungsten, 60 cents per 
pound on the tungsten contained therein and 25 per centum ad valorem; 
ferrochromium tungsten, cnromium tungsten, cnromium cobalt tungsten, 
tungsten nickel, and all other alloys of tungsten not specially pro- 
vided for, 60 cents ner pound on the tungsten contained therein and 25 
per centum ad valorem. (Par, 302.) 


The revised tariff, whicn became effective June 18, 1930, carried the 
following provisions affecting tungstens 


*heScrap steel, hammer scale, roll scale, and mill scale, 70 cents 
ver ton: ***Provided further, That nothing shall be deemed scrap iron 
or scran steel excent secondhand or waste or refuse iron or steel fit 
only to be remanufactured; Provided further, That an additional duty*** 
of 72 cents per pownii on the tungsten content in excess of two-tenths 
of 1 per centum, *** snall be levied, collected, and vaid on all the 
foregoing. (Par, 301.) 

Tungsten ore or concentrates, 50 cents per »ound on the metallic 
tungsten contained therein, *** (Par, 302c,) 
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Tungsten metal, tungsten carbide, and mixtures or combinations con- 
taining tungsten metal or tungsten carbide, all of the forezoing, in 
luros, grains, or powder, 60 cents per pound on the tungsten contained 
therein and O° per centum ad valorem; tungstic acid, and all other conm- 
comvounds of tungsten, not svecially provided for, 60 cents per >vound 
on 7 tungsten contained therein and 40 per centum ad valorem, (Par, 
5CL%, 

ferrotungsten, ferrochromiun tungsten, chromium tungsten, chromiuc 
coo2lt tungsten, tungsten nickel, aiid all other alloys of tungsten not 
specially provided for, 60 cents per vound on tne tungsten contained 
therein and 25 per centum ad valorem, (Par, 302h.,) 

Ingots, shot, bars, sheets, wire, or other forms not snecially ore 
vided for, or scrav, containing more than 50 ver centum of tunzsten, 
tunssten carbidc, molybdenum, or molybdenum carbide, or combinations 
thereof: Ingots, shot bars, or scrap, OO per ccntun ad valorem; sheets, 
wire or other forms, 60 per centum ad valorem, (Par, 316b,) 


J 


PHYSICAL AND CHEMICAL PROPH2TINS OF TUNGSTEN METAL 


The uses of tungsten metal depend on its unique physical and chemical 
properties, Pure tungsten mctal does not have the extreine nardness wnica 
characterizes its alloys; as measured on the Mons scale the hardness of tne 
wotal ranges from 4,5 to 8, depending on the manner of working, Relatively 
soll quantities of some inmurities appreciably affect the proverties of t:. 
metal, Because of its toughness tungsten is not readily machined, It has 
the highest melting point (3,350° C.) of all the metals and, with the excer- 
tion of carbon, the highest melting point of all substances, When wor:ccd 
tungsten becomes elastic and extremely ductile, so that it can be drawm izt: 
finer wire than any other metal. After working, tne metal attains the Lizg-: 
tensile strength of any known metal, ranging from 490,000 to 610,000 nowrzcs 
per square inch, As fine wire it retains its rigidity at higher tomocratiwe: 
Sian any other metals moreover, it has the lowest vapor pressure, The 
Consity of tungsten ranges from 19.3 to 21,4, dopending on the mecnanical 
treatment it receives. The boiling point of tungsten is about 5,830° C, 


Tungsten forms alloys readily with nickel, cobalt, molybdenum, urani, 
chromiun, iron, manganese, vanadium, and titanium and less readily with 
nearly all of the other metals, 


Tungsten metal is not affected by oxygen at ordinary temperatures, 2: 
carbon or boron in the electric furnace it forms metallic carbides or bori:: 
of great hardness, At ordinary temperatures the metal is insoluble in hyao~ 
ciloric, sulvhuric, nitric, or hydrofluoric acids, Aqua regia nas no effec, 
exceot to oxidize the surface of the motal to tungstic oxide, Howeveyw in + 
mixture of hydrofluoric and nitric acids it dissolves rapidly. 
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USES OF TUNGSTSI 
Steel Alloys 


Although tungsten has a great variety of uses its greatest use is asa 
comoonent of high-speed tool steel, The value of higsh-speed steel for cut- 
ting vurposes depends oi1 its ability to retain its hardness when heated to 
redness, The use of tungsten-stecl cuttin; tools increases the output per 
man and per machine enormously and results in saving millions of dollars 
ainually., One man and one machine can do as much work with hign-sneed 
tungsten steel as five men and five machines could formerly with simole 
carbon steels, 


One tungsten steel containing 3 to 4 percent tungsten is used for 
finishing cuts on iron and steel, 


An imoortant use for high-sneed stcel is in the manufecture of valves 
and valve seats for internal combustion engines, particularly airplane 
engines, These valves sometimes operate at red heat, and as the steel is 
red-hard at this temocrature it gives good results, 


High-speed steel is used for drawing dies in the manufacture of certain 
Wires, 


Tungsten is used in steel rails, It has been estimated that the life 
of rails is prolonged 5 yea.s by the addition of 0.5 vercent tungsten, 


In 1900 tungsten was used for making armor plate at the Krupp Works, 
Germany, and the Creusot Works, France, It was also used in the manufacture 
of projectiles to be fired at armor plate, An alloy of 35 percent tungsten 
and 65 percent steel will make a shell of high penetrating power. Reduction 
of the caliber of gans is necessarily accompanied by diminution in the 
weignt of projectiles, The projectiles can not excecd a certain length; 
beyond this linit tiey would no longer have sufficient stability in their 
trajectory. Tungsten, by virtue of its hig¢h density and nardening properties 
in alloys, annears desirable in the manufacture of projectiles, but its com- 
parative scarcity precludes its use for that purpose on an extensive scale, 


Tungsten has been used in stcel for lining cannon, particularly by the 
Austrian government, Its resistance to erosion and heat increases the life 
and permits more ranid firing. 


Tungsten is also used in steels for hacksaw blades, files, cold chisels, 
razor and imife blades, stamps, watch springs, strings for musical instru- 
ments, phonograph needles, sounding plates of pianrs, car springs, electrical 
resistance wire, drills, rolls for Pilger mills, shear blaces for cutting hot 
steel, armor for submarine cadlces, telephone conductors, and transformer 
COreS, 
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Cemented Iungsten Carbide 

Cemented tunesten carbide has created a new mevallurgy and opened a nv 
field of alloys for use of the engineer, In the past, some materials which 
nave cesirable pronerties have not found a wide avplication because of thc 
difficulties encountered in machining with the steels available. These 
materials can now be machiucd on a commerciel basis with cemented tunzsten 
carbide tools, 


Cemented tunzsten carbide is ofvcred to the trade at $450 per nound 
(about $1 per gram) ,<! Thais high price is attributable to the cost of re- 
seurc aud the present difficulties in manufacturc. Being a high-priccd 
material, it is utilized by inserting tins on steel shanks by copper braziz 
in an atmosphere of hydrogen or by welding. In spite of the nizh price, in 
many applications the user emloys it at a distinct advantage cover vlain 
carbon-tool steels, which by commarison are as soft as lead, 


Cemented tungsten carbide has been used in vlace of diamonds for drill- 
ing roc'c and can be used in place of the old-time saw teeth for cutting roc:, 
It is also used in gages, blast nozzles, boring and reaming tools, blanxin; 
and drawing dies, end similar apnlications, 


Nonferrous Alloys 


wumerous alloys containing tungsten in conjunction with mest of the 
metals have been invented, but the cost of the alloy is often cut of propor- 
tion to its usefulness, In general tungsten in alloys usually gives hardne::, 
and greater resistance to oxidation and corrosion, 


Perhaps tie most widely known nonferrous alloy of tungsten is one of th: 
stellite alloys containing about 75 »ercent cobalt, 2O oercent chromium, ari 
o percent tungsten; other elements sometimes are added, Tunis alloy is one :: 
the chief competitors cf high-specd tool steel, It is also used in cutlery, 
because it takes a high polish and is unaffected by fruit acids. 


Aluminum hardened witn a small amount of tungsten, called partiniun, ‘: 
‘both light and strong and is used in France for automobile construction. 


Duralumin is an alloy of aluminum hardericd with 2 or 3 percent tungzsic: 
and has a tensil strength of 32,000 powids ner square inch, An alloy cf 
aluminum, coppor, and tungsten is used for propeller blades, Another alimic= 
alloy containing 10 percent tungsten has been patented for type mctal, 


An alloy containing 2 to 10 percent cobalt and the balance tungsten ms 
been vatented in Germany for breeches for naval guns, 


Sideraphite is an alloy containing iron, nickel, conner, aluminium, ani 
tungsten; it resembles silver in asvearauce and is ductile, malleable, and => 
Sistant to corrosion. 
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wungston-nickel containing varying proportions of these two elements has 
ceen used for electric~lam filaments, 


Platinoid, an alloy containing conver, ziuc, nickel, and tungsten, has 
gen used as electrical resistance wire in filameit lamps, It has a coef- 
sicieut of emansion similar to thet of glass, 


Before the introduction of ductile tuysten ood patents were issued 
“or alloys of tungsten containing small amounts of thorium, or nickcl, to be 
vsed in the manufacture of clectric-laim filaments, The acdition of these 
motals mace the tungsten ductile,., 


the General Hlectric Co, has develo-zed a cooner-tungsten clectrode for 
folding, under the trade nase of Llkorite, which does not anneal at red neat 
aud is used for svecial annlications where cooper alone will fail, 


Tunsston alloys have been suggested for jewelry. An alloy containing 
> percent gold, 10 to 15 percent tungsten, and lo to 10 percent nicicel is 
easily rolled and hammered and takes a fine volish.- A similar alloy in which 


ciliver replaces the gold is easily volished and resists oxidation, An alloy 
eantaining °G to 60 nercent tungsten and 30 to 40 percent platinum has been 
oatented for jewelry, electrical contacts, etc, 


Tungsten-molybdenum alloys of varying composition are used as substi- 
tutes for vletinum in dentistry, 


A tungsten-nicxel alloy carrying 75 vercent tungsten and <5 percent 
vickel is used in hardening stecl, 


Cther nonferrous alloys containing tungsten have been invented for, 
surgical instruments, electrical contact points, jewelry, pen points, high- 
soeed bearing metals, safe and vault walls, filament swmports for racio tubes, 
and various uses where resistance to acid liquids or vapors is desired, 


Metallic Tungsten 


Th3 use of metailic tungsten for electric-lamm filaments is well known, 
yot this use consumes only a small vart of the tungsten produced, Between 3 
aud 4 tons of tungsten concentrates containing 60 percent tungsten trioxide 
will make the filaments for 100,000,000 lamps. In the transition from 
wne carbon to the tungsten filament numerous metals have been tried, but only 
a few were moderately successful, A metal suitable for incandescent lamp 
Silaments must have a hign nelting point, be ductile, and possess a low vapor 
sonsion under working conditions, while its radiation must be highly selective, 
Vaidner ond Burgess23/ have shown that the light emitted by an incandescent 
metal varies as the twelve power of the temperature, and the cnergy required 
yaries as the fifth power of the temmerature, An increase in the working 
Somperature is therefore very important, 
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According to Zay Jeffries:£2/ 


In the vresent state of tne electric-incaudescent-lam» art tne aver- 
age efficiency during the life of a tungsten-filament lamp is 4 1/2 times 
that of the carvon-filament lam, Leaving out of consideration miniature 
lamos, there are consumed annually in the United States alone over 15 
dillions of kilowatt-hours of electrical energy for illumination at a 
cost to the consumer of a»nroximately $890,000,000. If the same level of 
illumination were maintained in the United States by the use of carbon 
lam>s, assuming the same averaze cost of electrical energy to the con- 
sumer, an additional expenditure of about $2,900,000,000 would have to be 
made. Incidentally tuis amount of money would more than buy all the 
pig iron and nonferrous metals produced in the United States in a year, 
It is of course obvious tuat if we were still using cardon lamyns we would 
not enjoy the present level of illumination, If we had, however the 
preseny level of illumination with carbon lamms, and assuming that no 
other material excent twigsten to be available to revlace carbon, we cowc 
afford to pay about $320,000 ver nound for tungsten and still obtain our 
lijat at the same cost. The actual cost of tungsten at the present time, 
in tie ore, is less than a dollar a nound, This is only one illustratio- 
of the general proposition that the cost of a metal to the consumer is a 
function of its concentration in the earth's crust and its ease of recov- 
ery rather tunan its value to industry. 


Inasmuch as drawn tungsten wire has a hign tensile strength and can be 
Srayn into wire having a diameter of 0.0004 inch it has been used for gal- 
v~anometer suspension, cross hairs in telescopes, radio tubes, rectifying valv:: 
a-ray tubes, and surgical wire, replacing goid and silver wires, Tungsiven F-:: 
is an excellent material for wiring electric furnaces on account of the nish 
temperature maintained, 


Tingsten is used for making vacuum seals tnrough special glass with a co 
efficient of exvansion avoroximating that of tungsten, 


Tuncsten contact »oints are used in svark coils, voltage regulators, 
telegraoh lreys, and similar devices in place of platinum—iricium formerly us<i, 
The cost of »vlatinum fcr such uses is much higner than the cost of tungsten, 
Sheet tunzsten has been found to be a very efficient metal for the construct::: 
of amplifiers ia wireless azvaratus, 


Tungsten electrodes are used in certain electrochemical processes where 
resistance to corrosion is desired, 


Tungsten-molybdenum thermocouples are used for measuring high temoeratws 
as the electromotive force increases witn an increase in temperature, 


Tungsten gauze resists acids and alkalies; it is used in sevarating lirics 
from solids where corrosion is a factor, It has also beer used in sovie of 
Cottrell avparatus for the electrostatic nrecipitation of fumes, 
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Tungsten crucibles have been used in vacuim furnaces or in furnaces 
~illed with inert gases. Laboratory anparatus has been made from wrought 
vungsten wnere resistance to corrosion is desired, 


Since tungsten has high specific gravity, high heat conductivity, high 
melting point, and low vapor pressure tungsten buttons brazed to conver have 
been used as anticathodes in Roentgon (X-ray) tubes. 


Recently tungsten was devosited from an alkaline solution by electroli- 
sis;30/ its use in electroolating may oven a wide field, The tungsten de- 
vosited from aqueous alxaline solutions is smooth, hard, and coherent and 
nas a high luster, Like chromium, it needs no polishing if the plated 
articles were previously polished, Because of its acid-resisting properties 
tungsten is useful as a coating for otner metals. 


Tungsten has also bemused as a catalyst in the production of ammonia 
from nitrogen of the air, 


Chemical Comnounds 
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Sodium tungstate is used as a mordant in dyeing, for rendering cloth 
noninflammable, for weighting fabrics such as sill, in nainting, for decolor- 
izing acotic acid and acetates prepared from vyroligneous acid, and as a 
cecorticator in preparing raw fibers for manufacturing, 


Fluorescent cadmium tungstate is used in making fluorescent screens for 
visual observation in X-ray practice; considerable fluorescent calcium tung- 
state is emloyed in making intensifyime screens for X-ray photogranhy. 


Lead, zinc, and barium tunstates are used as substitutes for white lead, 


The cure oxide is used as ‘an ‘oil ‘and water color and when converted into 
clue oxide is used as a vigment. The oxide also is employed in ceramics to 
nroduce various shades of yellow ‘in glass and porcelain, 


Tho so-called tungsten bronzes are made by fusing an alkali tungstate 
and nure tin, Various snades of red, yellow, or blue are thus formed and 
used for decorative vurposes, 


Yellow, blue, green, pink, and gold tungsten salts are employed in tho 
manufacture of strincd vapors, | 


MARKETING TUNGSTEN CONCENTRATES 


The value of tungsten concentrates is determined by the tungsten content 
invariably express sod. in terms of tungsten trioxide, 


eo, Dink, Colin G, and Jones, Frank L., The Zlectrodeposition of Tungston 
from Aqroous Solutions: Trans, Electrochem, Soce, vol. 59, 1931, 235 po 
(preprint). 
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Ine term "unit", when used in stating the price of tungsten concentrates, 
is synonymous with percent of WOz. Marketing tunzsten concentrates on ts 
4nit basis is orescribed by custom, A unit representing l percent tungsten 
trioxide in 1 ton of concentrates may be 20, 22.4, or 22.04 pounds, denencins 
on the size of tne ton (snort, long, or metric). In the United States vrices 
ere quoted in short-ton units, whereas in the British Empire they are quoted 
in long-ton units, France and Germany cmmloy the metric-ton unit. 


There 1s no standard for setting a price on tungsten concentrates; bere: 
a general quotation on concentrates containing 60 percent WOz selling is sx- 
Ject largely to sunply and demand bidding, In general, tungsten concentrates 
muss contain at least 60 percent (60 wnits ver short ton) tungsten trioxide t: 
be salable; moreover, they must te relatively free from such impurities 2s 
antimony, arsenic, bismuth, copper, lead, manganese, nicxel, pnosnhorvs, tir, 
zinc, and sulphur, £11 buyers do not abaect to the same iepunities in the 
concentrates; and sometimes in a brisk market off-gsrade ores can be sold, dui 
at a discount, Ores from different districts often are quoted at different 
prices, and no definite scale of premiums and penalties has been fixed. Ive 
grade of concentrates desired by consumers depends on the method of convertin; 
and the use to which the tungsten metal or commound is to be vut. Tungsten 
concentrates used in the manufacture of alloy stcels and for conversion into 
metal are subject tu rigid requirements as to impurities, The following 
quality guarantee, required by some manufacturers, illustrates in a general 
vay the requirements: 


Percent 


Tungsten trioxide ere teereeee tet eeetd ce 65-70 
Tin (taax imun) @eeoseoeoeeeeseaeeveveeeaee Fen e 6 @ Trace 
ATSenie (maximum). scceiasaeossssacasacs. “O<OGO 


ANGIMORY “(MEM . aicicene-4.eeekewne oe ees 2005 
BLStiatim: mea Umm ))- gare wee ore: aecbeo 46ers 035 
Cooper: (maximum): {aww agi-<awceeweee ae »05 
Sd pee + MA LINN) «si gararatguane 6 eave wlaee Serene 075 
Phosphorus ware ee eee ee ee ee ee ee 200 


If requirements as to deleterious elements were not rigid the quality 2: 
the finisned alloys mignt be imvaired or cven destroyed by their presence, 


mw ry A 


Prcduction of tungsten concentrates in the United States is characterize: 
by many actual and potential producers, only a few of whom are well-finanesd, 
There is no tendency toward an integrative policy whereby the consumer is 
also the producers; only one tungsten-mining comsany at present is affiliated 


witn consuming interests, 


Since tungsten ores are not exploited on a large scale the market is 
unstable, Moreover, there are no effective organizations of buyers or selitty 
so that domestic producers must deal either through brokers or direct wits 
consumers by private negotiations, 


Tungsten concentrates usually are sold in carload lots (35 tons), ani 
if the market is heavy smaller lots are difficult to sell, 


2488 DG) ex 


Google 


I.C. 6821 


Concentrates are sold on a custom assayer's certificate of weighing, 
sampling, and analysis. No legal or trade rule requires buyers or sellers 
to bear this cost; generally they share it by mutual agreement, 


before 1918 ferberite was preferred to scheslite, but changes in the 
practice of using tungsten concentrates created a larger demand for the 
latter, For reduction of tungsten minerals to metal or ferrotungsten high- 
grade concentrates are required because the capacity of the electric furnace 
i. waich they are reduced is limited, From the viewpoint of metal content 
in the economic tungsten minerals scheelite contains the most tungsten, 
Taicing scheelite as 100 the tungsten content of the four princival tungsten 
Iinerals is as follows: 


Scheelite CCRC CEO CCC Oo eT OREO HOF EH EEA ESD 100 

Ferberite CCHOKTHH BPC eeeoseeeereeteeresses 98,5 
WOlTrOmLtG 4 -cssessaewes sede swaweaseeee -COg0 
HUbnerite Ceoeeeeeanererteneeenrseseer renee 90.0 


Marketing of tungston concentrates has been hammered in the past by a 
lack of standard requirements, the wide territory over which the denosits 
ace distributed, and lack of centralization in buying or selling, 


STRATEGIC IMPORTANCE OF TUNGSTEN AS A WAR MINERAL 


Due to the unique role of tungsten in our economic structure it is one 
of the pivotal war minerals, Since the commarative efficiency of tungsten- 
alloy cutting tools is 3 to 5 times that of carbon steel the large amounts 
of lathe-turned, drilled, or planed steel required for armaments in the 
World War could hardly have been produced by the use of carbon-steel tools. 
Consequently tungsten is a vital necessity to the welfare of the country in 
a time of national emergency, 


Germany was the only nation that properly anpraised the imoortance of 
tungsten as a strategic war mineral before the World War, At that time sne 
virtually monopolized the production of ferrotungsten; tungsten concentrates 
produced in various parts of the world were shinped to Germany for fabrica- 
tion into high-speed steel, With characteristic thoroughness Germany do- 
velooed tunzsten mines in various parts of the world, including the United 
States, Peru, Bolivia, Argentina, and Burma, “he position of the ferro- 
vungsten industry befcre tne war was one of the most striking exarmles of 
Germany's industrial domination of a raw material she herself almost wholly 
tacks, In 1913 Germany produced only 1 percent of the world output of tung- 
sten ore yet she controlled 60 percent of it 21/ Great Britain through her 
rossessions produced 37 percent of the world output, yet she cepended on 
Germany not only for ferrotungsten but also for her tungsten-steel tools, 
wiich even though purchased through English firms were derived from German 
manufacture, 
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TL! Bliss, Eleanora F., Some Problems of Reedjustment of Mineral sunvlies as 
Indicated in Recent Foreign Literature: Econ, Geol,, vol. 14, 1919, 
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In 1913 France preduced 12 percent of the world output and in addition 
sontrolled the production of a mine in Portugal and held an interest in the 
~Olivian enterpriees, Owins; to her develoniaent of water power she had 2 or 
war production of ferrotungsten, althougn sne was not in position to cormete 
witn the German outyout of ferro-alloys or BEES tools, 


In the United States before the war only a Few technical men realized 
tne importance of tungsten as an ecsential ingredient in the -anufacture of 
tool stezl and as a cornerstone of mass production of munitions, Tungsten 
was wumown tc the man in the street; the najor vart of our tool-steel re- 
quirements was immorted to meet industrial needs, 


Wnen the war vroke owt the manufacturers of high-syeed tool steel in 
England found themselves without an adequate supply of tungsten, owing to 
German control, Zstablishnent of the tungsten industry was of paramount ix- 
portance; following Government inquiry a committee of leading English steel 
manufacturers wos formed, and 31 firms took shares in the commany organized, 
the Higa-Sveed Steel Alloys (Ltd.). In Sevtember 1916 the British Government 
assunea control of the nroduction of tungsten ores within the Emire and 
aooortioned them among the matcers of PEER OUR C ie 


this British embargo cn tungsten was werieeied in the United States, 
when rrunitions manufacturers realized that tungsten steel was unobtainable, 
-ae steel manufacturers sent men scurrying over the world to purchase ores 
and concentrates; domestic search for additional tungsten deposits was 60 
stimulated that many new devosits were founc, Although the domestic produc- 
tion of tungsten concentrates jummed from 2,332 tons in 1915 to 6,144 tons 
in lO17? the supvly was inadequate to meet the emergency requirements, 


In order that the domestic sunnly of tungsten shell be adequate in time 
or war the following suzgestions have been pronosed: 


lL. Substitute other metals for tungsten, 


2. Cessation of domestic production and reservation of the de~ 
posits solely for emergcicy usc, 


. Accumulation and mairtenance of a reserve suonly or tungsten 
eee 


4. Stimulation of domestic vroduction by tariff protection, 


In discussing substitutes for tungsten peace~time requirements of com- 
parative costs need not be considered; war conditions impose quantity and 
cuality,. Assuming that the resources of tungsten ores in the United States are 
inadequate for war purooses, tne mumber of substitutes available are limited, 
The principal substitute suggested and tried is molybde um, but it was not as 
sutisfactory as tungsten in high-sveed steel, Taylors2 found that molybden= 
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“veels for cutting purposes caused irregular performance; that steels of nearly 
vite game composition and receiving the same treatment varied considerably in 
‘ izting specds, More extensive researcy on tue metallurgy of inolybcenum has 
cvercome these difficulties, Ritchie#3/ has announced that molybdeuum can be 
utistituted in whole or in part for tungsten in high-sveed tools and that all 
aifficulties in the manufacture of molybdenum high-sveed tools can be overcome, 


If molybdenum can be substituted for tungsten in high-speed steels it 
must rank as a cempetitor of tungsten under normal industrial conditions to be 
aveileble quickly in time of a crisis, since war-time apolications of the 
mevals are largely anexteusion and exp2nsion of their peace-time applications. 
=n general, the major difficulty in substituting other metals for war minerals 
is the fact that the metal for which substitution is to be mace usually is the 
¢..c that accomlishes the desired results. Introduction of molybdenum for 
tungsten during a crisis would involve a change in technic whicn might result 
in tne loss of considerable time. Molybdenum eventually may displace tungsten 
bat the extent of its use in high-speed steel under normal working conditions 
enuumot be predicted, 


Other alloys containing zirconium, uranium, vanadium, and tantalum have 
been developed as substitutes for tungsten in high-speed steels, but the com- 


parative scarcity and cost of these metals will no doubt prevent their ex- 
tonsive application, | 


Substitutes for cemented tungsten carbide cutting tools are possible but 
as yet nave not been developed to the same extent as tungsten, The other hard 
natal carbides are titanium, zirconium, thorium, vanadium, niobium, tantalur, 
chromium, molybdenum, and uranium, As this new branch of metallurgy develops 
one of these hard-metal carbides may be found to be a commercial competitor 
of tungsten, 


It has been provosed that peace-time demand for tungsten should be de- 
rived from foreign sources end thus conserve domestic resources for a national 
cuergency, Inasmuch as all extraction of ore is Gepletion and cannot be re- 
laced this plan would be advantageous if domestic resources were small and 
the suonly immediately available during a crisis, Ouly through Government 
control could this plan be carried out. Industrial development in tne United 
States, however, has been intrusted to the control exerted by the natural law 
of sunply and demand working under free competition, Although plausible in 
theory, Government ownership of the tungsten resources is not likely to appeal 
to the American people, 


If domestic resources of tungsten ores are to act as a safeguard in an 
energency they must be available when the emergency arises, ven though the 
jeposits are conserved their availability cannot be assured unless the time- 
nonsuming mine and process development and plant crection have reached the 
croduction point before the emergency arrives. Tconomically such a course is 
‘-mracticable, as the very essence of a program of preparedness is to obviate 


Ws] Ritchie, S. B., lolybdenum in High-Speed Steel: Army Ordnance, vol, 11, 
July-August 1930, po, le-19. 
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all delays, Then, too, solicitude for the welfare of the future can be carriz 
vo extremes, inasmuch as there is no assurance tuat present tecnnic in the pr:- 
juction of tungsten products will be permanent, 


Accumulation and maintenance of a stock-nile reserve of tungsten coxncen- 
trates for emergency use have so far been contrary to American policy, The 
size of the stock pile would depend on the requirements of the essential in- 
dustries using the raw material and the length of time imports would be 
restricted or cut off, 


Whether or not the tungsten industry should be protected by tariff is a 
moot question, Without tariff protection the mining of tungsten ores in this 
country could not survive, as was demonstrated from 1918 to 1922, when imoorts 
of tungsten ores brought the domestic production to a standstill, The 
opponents of a Government subsidy in the form of a tariff base their opposi- 
tion largely on the supposition that domestic resources of this metal are too 
limited to justify a duty end should be conserved for national emergency, Cr 
tungsten resources are larger than is gencrally suoposed, any low-grade 
deposits of tungsten cres have been discovered in this country within the last 
15 years, and only about 25 nercent of these have been prospected, Farther 
development of these deposits probably will disclose important new discoveries 
and extcnsions to the known depnosits, as judgcd by past history of the mining 
Lndustry. 


In the final analysis the problem resolves to the question of the insur- 
ance premium the country is willing tc pay to reduce the risk of being wholly 


ceoendent on foreign countries for tungsten needs in time of national emergerc: 
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